Objective: To investigate the incidence of and risk factors for cognitive impairment in a large, well-defined clinical trial cohort of patients with early Parkinson disease (PD).
between 42.6 and 112.5 cases per 1,000 person-years depending on the baseline characteristics (e.g., age, disease severity) or setting (hospital vs community based). 5, 6, [8] [9] [10] The only community-based incident PD study on PDD reported an annual incidence (95% confidence interval [CI]) of 30.0 (16.4 -52.9) per 1,000 person-years, with 13 out of 126 patients (10%) having developed dementia when tested 3.5 Ϯ 0.7 years after diagnosis. 2 Identifying important risk factors for cognitive impairment in early PD would enable clinicians to target those at highest risk when a disease-modifying treatment for dementia becomes available. We investigated the incidence of and risk factors for cognitive impairment in the Deprenyl and Tocopherol Antioxidative Therapy of Parkinsonism (DATATOP) cohort, a large early PD cohort with frequent evaluations (every 3-6 months) and long-term follow-up (up to 7.6 years) starting with the untreated (pre-levodopa) phase. [12] [13] [14] METHODS Subjects. The DATATOP study enrolled 800 subjects (30 -80 years old) within 5 years of symptom onset, who were not yet requiring symptomatic therapy. 15, 16 Further information on DATATOP 12 and its extension studies 13 can be found on the Neurology ® Web site at www.neurology.org. Subjects were considered to have clinically confirmed idiopathic PD if the investigator maintained Ն60% confidence in the PD diagnosis 14 across all visits. There were 57 subjects for whom the diagnostic confidence level fell below 60% at any visit or for whom no confidence data were available; of these, 7 were subjects in whom the alternative diagnosis was dementia with Lewy bodies (DLB), but with the onset of dementia more than 1 year after the onset of parkinsonism. Therefore, these 7 subjects were considered as having maintained a diagnosis of idiopathic PD per DLB Consortium 17 and PDD Task Force 4 criteria and were included in the analyses. Of the 750 subjects who maintained a diagnosis of clinically confirmed idiopathic PD throughout the study, 6 were found to have met our criteria for cognitive impairment at baseline (see below) and 4 did not have any follow-up Mini-Mental State Examination (MMSE) data. Thus, the final analysis group consisted of 740 clinically confirmed patients with PD free of cognitive impairment at baseline and with longitudinal MMSE evaluations.
Standard protocol approvals, registrations, and patient consents. The DATATOP study and its extension studies were approved by the Institutional Review Boards of the participating institutions. A written informed consent was obtained from all participants.
Potential risk factors for cognitive impairment. Our statistical analyses considered numerous factors across 8 domains. 1) Demographics: age, age Ն65, gender, and years of education Ͼ12.2) Family history: family histories of Alzheimer disease, psychiatric illness, and depression. 3) PD history: Years since diagnosis, years since symptom onset, side of PD onset, and initial symptoms of gait and tremor. 4) Motor features: Unified Parkinson's Disease Rating Scale (UPDRS) factor scores based on parts I-III were obtained from a principal component factor analysis with orthogonal (Varimax) rotation using data from the DATATOP baseline visit. This analysis identified 8 factors that accounted for 60.8% of the total sample variance (table e-1). As factor 8 was essentially UPDRS part I (mental), whose items were considered as separate independent variables (see below), the other 7 factor scores were considered as independent variables: PIGD, bradykinesia, rigidity, left-side tremor, right-side tremor, bulbar dysfunction, and dexterity loss (difficulty with manual abilities such as handwriting or using utensils). We also considered an asymmetry score derived from the UPDRS Motor subscale as previously described.
14 5) Cognition 18, 19 : MMSE (every 3 months), Digit Span Test forward and backward (DST-attention), Symbol Digit Modalities Test (SDMT-attention and visuomotor speed), Selective Reminding Test Delayed and Total Recall (SRT-verbal learning and memory), Odd Man Out test (OMO-set shifting-executive functions) using total correct in trials 2 and 4, New Dot Task (NDT-visuospatial working memory), and the Controlled Word Association task (COWA-verbal fluency/language, executive functions). Neuropsychological tests were administered at 6-month intervals. However, DST, OMO, and COWA were not administered after the first 2 years. 6 Analysis. The primary outcome variable was the time from randomization to the development of cognitive impairment. We defined cognitive impairment as performing at least 2 SD below the age-and education-adjusted population norms on the MMSE, 21 as operationalized by others. 22 We did not use the 3 longitudinally available cognitive tests for diagnosis because of potential confounding of SDMT results by motor dysfunction 18 and unavailability of adequate norms for the NDT, leaving only the SRT as a suitable test with established norms. 23 Follow-up times were censored at the last available evaluation for subjects who did not experience the event of cognitive impairment. A Kaplan-Meier curve was used to describe the cumulative incidence of cognitive impairment over time; 95% confidence intervals were calculated for event rates at selected times.
Cox proportional hazards regression models were used to examine associations between the potential risk factors (independent variables given above) and the time to cognitive impairment. Our basic strategy for analysis was to first perform separate analyses of the associations of each potential risk factor with outcome. We then constructed separate multivariate models that did and did not include the neuropsychological test results as covariates. All variables retained in the final models were significant using a liberal 20% significance level, with the exception of age ( p ϭ 0.58), which was forced to be included in the model that did not include neuropsychological test results.
To explore the consequences of cognitive impairment on daily life, we defined functional decline as a score of 2 or more on UPDRS part I, item 1 (intellectual function), 24 or a score of 2 (marginal function, major assistance) or 3 (unable) on either the occupational capacity or the handling finances question on the DATATOP disability progression form. 16 In exploratory analyses, mixed-effects regression models were used to describe the changes over time in cognitive test performance in subjects who eventually did or did not develop cognitive impairment. Details of all statistical analyses are provided on the Neurology ® Web site at www.neurology.org.
RESULTS
The subjects in the analysis cohort (n ϭ 740) were followed for a median of 6.5 years (interquartile range 1.9 -7.1 years). At baseline, they had mild parkinsonism and scored in the low-normal range on neuropsychological tests (table 1) . Of the Values below the years indicate the numbers of subjects at risk for cognitive impairment.
740 subjects, 117 reached the primary endpoint (requiring levodopa) before any follow-up studies for DATATOP were in place (early endpointers). These "early endpointers" were included in the analysis up to the point of their last follow-up evaluation.
Compared to the remainder of the cohort who participated in the extension studies, the early endpointers had greater severity of parkinsonism, more symmetry at baseline, a larger proportion of male subjects, and a higher percentage with left-sided onset of parkinsonism (table e-2). There were no significant between-group differences in the scores of the neuropsychological tests, depression, apathy, hallucinations, comorbidities, age, and education.
Over the course of the study, 46 (6.2%) of 740 subjects reached the cognitive impairment endpoint at a mean age of 67.7 Ϯ 10.2 years after a mean follow-up period of 3.3 Ϯ2.5 years. The incidence (95% CI) of cognitive impairment was 2.4% (1.2%-3.5%) at 2 years and 5.8% (3.7%-7.7%) at 5 years (figure 1). The incidence rate was 12.7 (9.0 -16.4)/ 1,000 person-years. There was a strong association between cognitive impairment and functional decline: although there were 366 subjects with functional decline (including 282 who showed limitations in occupational capacity) without cognitive impairment, all 46 subjects (100%) with cognitive impairment met functional decline criteria ( p Ͻ 0.001, Fisher exact test).
The evolution of performance on longitudinally available cognitive tests (SRT-verbal learning and memory, NDT-visuospatial working memory, SDMTattention and visuomotor speed) is shown in figure 2 . Subjects who eventually became cognitively impaired by the MMSE criterion (n ϭ 46) had worse performance at baseline than those who did not become cognitively impaired (n ϭ 694) ( p Ͻ 0.003 for all tests) and also had greater decline over time on both verbal and nonverbal tests ( p Ͻ 0.01 for SRT and NDT; p Ͻ 0.05 for SDMT), suggesting that our MMSE-based criterion was able to discriminate well between subjects with progressive cognitive decline
Figure 2 Evolution of cognitive test performances over time
The plotted values are adjusted group means derived from a mixed-effects regression model that included linear and quadratic terms for time. Subjects who eventually developed cognitive impairment (n ϭ 46) had worse performance at baseline than those who did not develop cognitive impairment (n ϭ 694) (p Ͻ 0.003 for all tests) and also had greater decline over time on both verbal and nonverbal tests (p Ͻ 0. on detailed, domain-specific cognitive tests and those with stable performance. The baseline and time-dependent (longitudinal) univariate risk factors for time to cognitive impairment are shown in table 2. Variables that were individually associated with time to cognitive impairment included older age, male gender, severity of motor impairment (except for tremor, consistent with previous observations), increased symmetry of motor impairment, poor neuropsychological test performance, and hallucinations. Novel risk factors for cognitive impairment included presence of gastrointestinal and urologic disorders and UPDRS factors on bulbar dysfunction and dexterity loss.
In (table 3) . The findings in the multiple regression analyses of risk factors for cognitive impairment in table 3 (upper half: when neuropsychological tests were included) appear to counterintuitively suggest that older age and lesser education were "protective" against cognitive impairment. These results, however, need to be interpreted in the context of multiple regression analysis, i.e., holding the values of all other risk factors (e.g., scores on cognitive tests) constant. This result means that if 2 subjects have the same scores on neuropsychological tests, the one who is younger and better educated is at higher risk for cognitive impairment, as he or she would have been expected to score better than the older and less educated subject. Furthermore, in the univariate analyses (above), older age was significantly associated with cognitive impairment, as expected. Education was not significantly associated with cognitive impairment in this cohort in univariate analyses. When neuropsychological test results were excluded from consideration, hallucinations ( p Ͻ 0.001) and UP-DRS-bulbar dysfunction factor ( p ϭ 0.02) were the nominally significant risk factors (table 3, lower  half) . DISCUSSION This study found that the annual incidence rate of cognitive impairment in the DATATOP study was 12.7 cases/1,000 personyears; Kaplan-Meier estimates were 2.4% at 2 years and 5.8% at 5 years. This incidence estimate of cognitive impairment is lower than reported dementia incidences from hospital 5, 8 or community-based 6, [9] [10] [11] cohorts of subjects with existing PD, as well as a community-based incident PD cohort. 2 However, informal comparisons suggest that the annual incidence rate of cognitive impairment in the DATATOP study is higher than the observed incidence of dementia in comparable age brackets in several general population cohorts. 25 For example, an Olmsted County, MN, cohort with similar demographic characteristics followed during approximately the same period as the DATATOP study showed lower incidences of dementia for the age groups of 65-69 (1.7 cases/1,000 person-years) and 70 -74 (5.2 cases/1,000 person-years). 26 Factors that may account for the relatively low incidence of cognitive impairment in the DATATOP cohort include recruitment bias inherent to clinical trial volunteers (e.g., younger age, higher education, better general health), 14 shorter follow-up in the early endpointers (15.8% of the original analysis cohort, worse parkinsonism at baseline), the retrospective nature of our study, and potentially low sensitivity of the MMSEbased cognitive impairment criterion. 27 The mean age at baseline in the DATATOP cohort was 61.0, similar to the mean baseline age in other clinical trials in patients with early PD (range 59 -64), 12,28-32 whereas the peak incidence of PD in the general population is between ages 70 and 79 years. 33 In the only study of PDD in incident PD, the mean age at baseline was 69.6, with an annual incidence rate of PDD of 30.0 cases/1,000 person-years. 2 While the generalizability of our incidence results may be limited, our study provides knowledge on the cognitive prognosis of patients with early PD who participate in clinical trials, which may have implications for future clinical trial design.
Choosing an outcome measure for this study was a challenge as DATATOP was not designed primarily as a study on the cognitive course of PD. Although cognitive impairment was significantly associated with functional decline, our ad hoc functional criteria were not suitable for dementia diagnosis as recent studies have shown that the intellectual impairment item of the UPDRS has low sensitivity 34, 35 and is not appropriate for screening or diagnostic purposes. 34 Furthermore, the responses on the occupational capacity and handling finances questions on the DATATOP disability progression form 16 can be confounded by motor dysfunction. The truncation of the DATATOP neuropsychological battery after the initial phase limited our options for the objective assessment of cognitive impairment. As we only had one reliable cognitive test that was longitudinally available (SRT-verbal learning and memory), we used an MMSE-based criterion for global cognitive impairment. The limitations of this approach included potential practice effects due to repeated administration of the MMSE despite using alternate versions of 3-word list during different visits, and heavy reliance of the MMSE on verbal abilities and low sensitivity to detect dementia, especially when the frequently used cutoff score for dementia (24/30) is applied to highly educated individuals. 27, 36 However, using age-and education-specific MMSE criterion 21, 22 for cognitive impairment, our MMSE cutoff score was Յ26 for the most common demographic group in DATATOP (ages 61-65, Ͼ12 years of education). This cutoff is consistent with the recommendations of a recent study which found that the Յ26 cutoff had a high sensitivity (0.89) and specificity (0.91) for detecting dementia in highly educated individuals with cognitive complaints screened with the MMSE and followed up with neuropsychological testing. 36 Furthermore, our cognitive impairment criterion was able to discriminate well between subjects who showed progressive decline and those who remained stable on all longitudinally available neuropsychological tests (figure 2). Those who developed cognitive impairment started at a lower baseline level on average and showed progressive decline in performance on the SRT-total recall (verbal learning), SRT-delayed recall (verbal memory), SDMT (visuomotor speed and attention), and NDT (visuospatial working memory), while those who did not develop cognitive impairment displayed stable performance during follow-up.
We have confirmed a number of previously identified risk factors for PDD such as older age, male gender, poorer performance on neuropsychological tests, hallucinations, worse motor function, PIGD, and increased symmetry of motor severity. We found that the risk of cognitive impairment in early PD did not appear to be associated with the use of medications to treat PD. We also identified potentially novel risk factors such as bulbar dysfunction, early difficulties in dexterity, and gastrointestinal and genitourinary disorders at baseline, suggestive of early autonomic dysfunction. Alternatively, one could interpret the genitourinary disturbances as related to common disorders in this age population such as hypertrophy of the prostate or prolapse, and the gastrointestinal disturbances, specifically constipation, as an early prodromal symptom in PD. Bulbar dysfunction appeared to be more strongly associated with cognitive impairment than PIGD, the most commonly reported motor risk factor for cognitive impairment. 2, 4, 6 Both PIGD and bulbar impairment reflect axial dysfunction. 6 Bulbar dysfunction has not been investigated as a separate entity because previous factor analyses of the UPDRS 37, 38 and UPDRS item groupings 6 have combined items from the bulbar dysfunction and PIGD factors into a single axial dysfunction factor. The large sample size of DATATOP is a major strength of our factor analysis and might have enabled us to better separate the axial functions into 2 factors.
Gastrointestinal and genitourinary (and, to a lesser extent, cardiac) disorders at baseline were risk factors for cognitive impairment. We cannot say with certainty whether they represent specific diseases or just symptom complexes referable to these systems. Presence of these disorders as severe specific diseases is unlikely, however, as unstable medical comorbidity was among the exclusion criteria in the DATATOP study. 16 Considering that symptoms such as constipation, difficulty with gastric emptying, urinary urgency, and erectile dysfunction are common nonmotor manifestations of PD, 39 it is conceivable that these disorders might have represented autonomic symptoms. An association between autonomic dysfunction and time to cognitive impairment is compatible with results of cross-sectional studies showing increased frequency of autonomic dysfunction in patients with DLB or PDD compared to patients with PD without dementia. Education and age were forced to be included in the model when neuropsychological tests were included in the model. Age was forced to be included in the model when neuropsychological tests were excluded from the model. *At baseline only; other variables are time-dependent. HR ϭ hazard ratio; CI ϭ confidence interval; UPDRS ϭ Unified Parkinson's Disease Rating Scale.
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